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Abstract 
A family of compounds based on bis-diglycolamide (bisDGA) estructure has been recently developed to be applied for the 
trivalent actinides and lanthanides (An(III) and Ln(III)) co-extraction by means of DIAMEX process [1, 2]. It has been shown 
that these bisDGA compounds are efficient extractants of An(III) and Ln(III) regarding to extraction and loading capacity, as 
well as it has been proved their stability against hydrolysis and radiolysis [3]. For process development, it is necessary to 
study their selectivity towards An(III) and Ln(III) in the extraction and back-extraction steps in presence of the other 
elements, such as fission and activation products (FP and AP), in the high active raffinate (HAR) issued from the PUREX 
process.
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1. Introduction 
Partitioning and Transmutation (P&T) concepts are studied world wide to reduce the long-term radiotoxicity 
of the nuclear waste, and the main objective is to achieve, as much as possible, an efficient recovery and multi-
recycle of the long-lived radiotoxic elements for its transmutation into stable or shorter-lived products. Due to the 
high radiotoxicity of the minor actinides (MA: Am, Np, Cm) they are of special interest and it is necessary to 
develop suitable partitioning processes [4].  
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After the U and Pu extraction by the PUREX process [5], An(III) and Ln(III) are co-extracted through the 
DIAMEX process, based on the use of diamide ligands such as malonamides (DMDOHEMA) [6] and 
diglycolamides (TODGA) [7].  However, both types of compounds are also efficient extractants of Zr, Mo and 
Pd, even after the addition of some masking agents to the feed [8]. 
It has been demonstrated that the use of two malonamides or two diglycolamides moieties attached to a 
suitable linker on a pre-organized chemical structure (bisMA or bisDGA) improves the An(III) and Ln(III) 
extraction [1,2]. Moreover, their loading capacity is enough to achieve the quantitative extraction of An(III) and 
Ln(III) from a HAR issued from the PUREX process as well as they show to be stable enough against hydrolysis 
and radiolysis [3]. In addition, it is necessary to study their selectivity towards An(III) and Ln(III), in the 
extraction and back-extraction steps, in presence of the FP and AP of the HAR issued from the PUREX process. 
Fig 1. Structures of TODGA, UAM-069, UAM-076 and UAM-081 
Herein it is described the study of three bisDGA compounds,UAM-069, UAM-076 and UAM-081 (Fig 1), for 
the selective extraction of An(III) and Ln(III) from a HAR issued from the PUREX process, comparing the 
obtained results with those from TODGA, which is considered the reference diglycolamide compound. BisDGA 
compounds are also efficient extractants of FP, such as Zr, Mo,and Pd. Thus, the effect of oxalic acid and 
HEDTA addition has been studied to optimise the An(III) and Ln(III) extraction selectivity with the bisDGA 
compounds, as well as their quantitatively recovering from the loaded solvents. The results obtained have been 
compared with those from TODGA at the same experimental conditions.   
2. Experimental 
2.1. Chemicals and equipments 
All ligands were synthesized and supplied by Prof. Javier de Mendoza (UAM & ICIQ) and Prof. Pilar Prados 
(UAM). N,N,N´,N´-tetraoctyl diglycolamide (TODGA) was synthesized in multi-gram scale, modifying an 
existing literature procedure under air and without drying solvent and glassware [9, 10]. BisDGA compounds 
(UAM-069, UAM-076 and UAM-081) were obtained according to the procedure described in a previous paper 
[3]. 
Oxalic acid and N-(2-hydroxyethyl) ethylenediaminetriacetic acid (HEDTA) were obtained from Fluka (US). 
MQ grade water (18M:/cm) was used for all dilutions. Nitric acid solutions were prepared from either dilution 
of concentrated suprapur nitric acid (MERCK) or from Titrisol ampoules (MERCK). The industrial diluent TPH 
was used as diluent. All reactive and diluents were used without further purification. 
The behavior of An(III) and Ln(III) were simulated by 241Am and 152Eu tracers, respectively, supplied by 
Isotope Products Laboratoires (California, US). The concentration of each radionuclide [M(III)] in both organic 
and aqueous phases was determined by high and low energy gamma ray spectrometry using Canberra HP-Ge 
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detector, electronics, and Genie-2000 as gamma analysis software, both from Canberra, by means of the 
characteristic photopeaks, 59.5 keV for 241Am and 122 keV for 152Eu.  
The synthetic PUREX raffinate used for the batch extraction studies was supplied by Prof. G. Modolo FZJ 
(Jülich, Germany). It corresponds to a PUREX raffinate with a volume of 5000L/t UOX fuel with an initial 235U
enrichment of 3.5%, thermal burn-up of 33000 MWd/tHM and 3 years cooling [11] . The feed was spiked with 
241Am and 152Eu, and variable concentrations of oxalic acid (Zr, Mo complexation) and HEDTA for Pd 
complexation were added.  
Stable elements were analyzed with a Sector Field Inductively Coupled Plasma Mass Spectrometer (ICP-MS 
Thermo X Series II, Collision Cell Technology (CCT) mode). The aqueous phases were measured directly after 
adequate dilution, and the organic phases were analysed after digestion in a microwave oven in presence of 
concentrated nitric acid and hydrogen peroxide (Ethos Advanced Microwave Digestion System, Milestone 
(Milestone Srl, Connecticut, US)). 
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ȋȌȏȐȀȏȐǤ
Aqueous and organic solutions were potentiometrically titrated before and after the extraction equilibrium using 
an automatic titrator Metrohm 798 MPT titrino.  
2.1. Extraction procedure 
Ligands were dissolved up to 0.1M in a (95:5)%vol TPH/octanol mixture.The organic solutions were pre-
equilibrated with nitric acid solution (3M HNO3).   
The extraction experiments were carried out by mixing 15 min, 1.0 mL of each phase, the pre-equilibrated 
organic solution and the corresponding aqueous solution, in an oscillating mixer at 900 rpm at room temperature 
(22 ±2 ºC). Phases were separated by centrifugation at 5000 rpm. Volume of 0.4 mL of each phase were spiked 
and conditioned in a 5 mL glass vial for gamma spectrometry measurements and 0.1 mL of each phase was 
analyzed by ICP-MS.  
The counter-current process was simulated putting in contact the loaded organic solution with 1M nitric acid, 
simulating a scrubbing step, followed by subsequent back-extraction, with fresh solutions of 0.01 M nitric acid, 
simulating stripping steps. 
3. Results and discussion 
The capacity of bisDGA ligands for An(III) and Ln(III) selective extraction from a HAR solution issued from 
the PUREX process has been studied and the main results obtained are shown in this paper. The Fig 2 shows the 
variation of the DM values of An(III), Ln(III) and the main elements present in a simulated HAR [11] solution 
with the HNO3 concentration using UAM-076 as ligand. It is shown that besides An(III) and Ln(III), some FP 
such as Zr, Pd and Sr are also efficiently co-extracted. 
It has been found in the literature information about studies with DGA compounds where oxalic acid and 
HEDTA are added to the feed to prevent Zr, Mo and Pd extraction [11]. 
Thus, the effect of oxalic acid and HEDTA addition to the feed in the extraction of An(III), Ln(III), and the 
main FP was studied. Fig 3 shows the DM values obtained for the different oxalic acid and HEDTA 
concentrations considered. Taking into account these results, 0.2M oxalic acid is enough for the effective 
complexation of Zr and 0.05M  HEDTA for the Pd complexation, whereas the DM values of An(III) and Ln(III) 
are still high for their quantitative and selective extraction. Mo and Sr DM values  remain relatively constant 
regardless of the amount of the masking agents added to the feed. 
Once the amount of oxalic acid and HEDTA was optimised using UAM-076 ligand, there was  carried out the 
An(III) and Ln(III) extraction with TODGA and the other two bisDGA, UAM-69 and UAM-081, in order to 
know the effect of the addition of 0.2M oxalic acid and 0.05M HEDTA. Table 2 summarises the DM values 
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obtained with the four ligands and in all cases An(III) and Ln(III) are quantitatively and selectively extracted. 
The three bisDGA showed the same behaviour; however TODGA still extracts Zr and Sr even after the addition 
of such quantities of masking agents. Therefore, it can be said that the main advantage of the bisDGA compounds 
over TODGA is their higher selectivity to co-extract An(III) and Ln(III) against FP that would simplify the 
number of stages of the separation process.  
Fig 2. DM  dependence on HNO3 concentration obtained with UAM-076 
Fig 3. DM  dependence on oxalic acid and HEDTA concentration obtained with UAM-076 
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Table 2. DM values of An(III), Ln(III) Zr, Pd, Sr and Mo obtained with TODGA, UAM-069, UAM-076 and UAM-081 with and without 
masking agents 
 TODGA UAM-069 UAM-076 UAM-081 
[HEDTA], M 0 0.05 0 0.05 0 0.05 0 0.05 
[Oxalic acid], M 0 0.2 0 0.2 0 0.2 0 0.2 
An(III)+Ln(III) 20-1000 15-1000 100-1000 10-1000 
Zr(IV) 350 1.43 133 0.20 188 0.16 9.10 0.29 
Pd(II) 20 0.40 2.50 0.09 1.94 0.08 1.70 0.30 
Sr(II) 3.20 2.88 0.27 0.27 0.89 0.91 0.03 0.20 
Mo(IV) 0.23 0.07 0.12 0.14 0.06 0.06 0.09 0.09 
For industrial process development, it is crucial to recover An(III) and Ln(III) from the loaded solvent, both to 
regenerate it for subsequent extraction cycles and for the next selective actinides from lanthanides separation 
process (so-called SANEX process) [12].  
Fig 4. Evolution of the aqueous phase concentration of Am and Eu (orange), Ln(III) (blue) and the FP co-extracted ( red),  
obtained for TODGA, UAM-069, UAM-076 and UAM-081 solvents after extraction, scrubbing and back-extraction steps 
The An(III) and Ln(III) back-extraction was studied, in batch at laboratory scale, using diluted nitric acid 
solutions (0.01M), simulating a counter-current process (Fig. 4). The obtained results show that with UAM-069 
and UAM-076 after four times of contact with fresh 0.01M nitric acid, over 99% of the initially extracted An(III) 
and Ln(III) are recovered from the loaded solvent, being the An(III) and Ln(III) concentration in the organic 
solvent below the detection limit. The An(III) and Ln(III) back-extraction from loaded TODGA and UAM-081 
solvents was more difficult since the DM values are still high at diluted nitric acid, needing at least six times of 
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contact with fresh 0.01M nitric acid to recover over 99% of the initially extracted An(III) and Ln(III). Thereby, 
the organic solution is regenerated and could be used for new extraction cycles. 
In the case of UAM-081 ligand, the evolution of the Zr(IV) concentration in the aqueous 0.01M HNO3
solutions is similar to the An(III) and Ln(III) behavior (Fig. 4), being recovered along them and avoiding the 
selective separation of An(III) and Ln(III). In order to effectively recover Zr(IV) from the loaded organic solution 
before the stripping steps, the addition of oxalic acid to the scrubbing 1M HNO3 solution was studied, being 
possible Zr(IV) recovery in the scrubbing step when 0.3M of oxalic acid was added, allowing the selective and 
efficient extraction of An(III) and Ln(III).     
3. Conclusions 
The study of the An(III) and Ln(III) selective extraction from a simulated HAR solution, issued from the 
PUREX process, with bisDGA compounds, has shown that it is necessary 0.2M oxalic acid for the effective 
complexation of Zr and 0.05M of HEDTA for the effective Pd complexation, whereas the distribution 
coefficients of An(III) and Ln(III) are unaffected and still high for their quantitative and selective extraction. 
Taking into account the obtained results, it can be conclude that the main advantage of bisDGA compounds over 
TODGA is their higher selectivity to co-extract An(III) and Ln(III) that would simplify the number of stages of 
the separation process. It is possible to selectively recover over 99% of the extracted An(III) and Ln(III) by the 
three bisDGA compounds, being possible the regeneration of the organic solution for next extraction cycles. 
Taking into account that these bisDGA have shown enough loading capacity, they are stable enough against 
hydrolysis and radiolysis [3], as well as they are able to achieve the quantitative extraction of An(III) and Ln(III) 
from a HAR issued from the PUREX process, these ligands could be considered as promising candidates for a 
DIAMEX-like process development.  
Acknowledgements 
This work has been developed under the framework of ACSEPT Project (FP7-CP-2007-211 267) and the 
ENRESA-CIEMAT collaborative agreement (Annexes X and XXIV).   
Authors would like to thank the CIEMAT’s Chemistry Division for their valuable technical work in the ICP-
MS measurements. 
References 
[1] Almaraz, M. et al.European Patent (2007), Vol. EP 1923473. 
[2] Murillo, M. T. et al. Radiochim. Acta, (2008), p.96. 
[3] Galán, H. et al. EJOC, (2011), 20-21, p.3959. 
[4] Serrano-Purroy. D. et al. Radiochim. Acta (2005) 93,p. 357.  
[5] Actinide and Fission Product P&T. Status and Assessment Report, Paris, OECD/NEA, (1999), p.325. 
[6] Musikas, C. Inorg. Chim. Acta, (1987), 140, p.197. 
[7] Sasaki, Y. et al. Solvent Extr. Ion Exch., (2001), 19(1), p.91. 
[8] Courson, O. et al. Radiochim. Acta, (2000), 88, p.857. 
[9] Horwitz E P. et al. Solvent Ext. Ion Exch. (2005), 23,p.319. 
[10] de Mendoza J. et al. TODGA Industrial Scale-Up Report ACSEPT FP7-CP-2007-211 267 (2009).
[11]ȱModolo,ȱG.ȱetȱal.ȱSolventȱExtr.ȱIonȱExch.,(2007),ȱ25,ȱp.703.ȱ
[12] Hill, C. et al. Proceedings of the International Conference on Future Nuclear Systems. GLOBAL´99, (1999), p.29.
